Chemical structural elucidation of epoxyrollins A and B, representatives of biosynthetic precursors of tetrahydrofuran and tetrahydropyran annonaceous acetogenins, is described. These chemical structures were diepoxyreticanin 1 (4) and diepoxymuricanin A (6) by a 13 C-NMR and mass spectral study of the natural and synthetic sample data.
Chemical structural elucidation of epoxyrollins A and B, representatives of biosynthetic precursors of tetrahydrofuran and tetrahydropyran annonaceous acetogenins, is described. These chemical structures were diepoxyreticanin 1 (4) and diepoxymuricanin A (6) by a 13 C-NMR and mass spectral study of the natural and synthetic sample data.
Key words: natural product; mass spectrum; annonaceous acetogenin Annonaceous acetogenins continue to grow more numerous because this family shows a broad spectrum of potent biological activities, including cytotoxic, antitumor, pesticidal, antiinfective, and antifeedant activities. Their mechanism involves the inhibition of either NADH oxidase in the plasma membrane or mitochondrial NADH-ubiquinone reductase. More than 300 compounds have been isolated to date; compounds of this family contain a tetrahydrofuran ring, a tetrahydropyran ring and g-lactone with hydroxy, oleˆn and ketone groups on a C-35 or C-37 long carbon chain. A number of acetogenins containing bis-or tris-epoxide as a biosynthetic precursor have also been isolated. 1, 2) Cav áe and co-workers have reported that epoxyrollins A and B were an inseparable mixture, which had been isolated from Rollinia ulei, 3) containing a mono epoxy ring and g-lactone as biogenetic acetogenins. Although it is di‹cult to determine the structure of this mixture, tandem mass spectrometry has been used to propose a suitable structure. Both compounds have the even-numbered carbon atoms of 38 and 36, unlike almost all other acetogenins. This absolute stereochemistry of epoxyrollins A and B has also not yet been determined. For these reasons, a synthetic approach has been used by our group to determine the absolute stereochemistry, and physical and spectral data for each compound. The absolute stereostructure of these compounds could be assumed to be (5S, 18?S, 19?R )-1 or (5S, 18?R, 19?S )-1 and (5S, 18?S, 19?R )-2 or (5S, 18?R, 19?S )-2, because cis-stereochemistry of the epoxide from the 1 H-NMR data ( J＝4.5 Hz) has been determined and the S-conˆguration of the secondary methyl group of the g-lactone is well-known. We have reported the enantioselective synthesis of (5S, 18?S, 19?R )-1 and (5S, 18?R, 19?S )-1, althought the spectral data of both compounds were not identiˆable with natural epoxyrollin A from a comparison of both the 13 C-NMR and mass spectra in our preliminary works. 4) We disclose here revised chemical structures for epoxyrollins A and B from detained NMR and mass spectra experimentation. (Fig. 1 ) NMR study. The 1 H-and 13 C-NMR spectra of synthetic (5S, 18?S, 19?R )-1, which were identiˆable with epoxyrollin A isolated by Cav áe, show characteristic chemical shifts for a long hydrocarbon chain with a terminal methyl group and a g-lactone, similar to others acetogenins. However two protons at 2.94 ppm (multiplet), which would be attributable to a disubstituted epoxide, were not identiˆed from the data (2.92 ppm and 2.98 ppm, J＝4.5 Hz). As shown Fig. 2 , oxygen-bearing carbons of the epoxide at 57.3 ppm as only one peak were given for synthetic 1, whereas oxygen-bearing carbons of the epoxide at 56.7 ppm and 57.8 ppm as two peaks were given for Cav áe's compound in their 13 C-NMR spectra. In addition, two carbons neighboring an epoxide at 26.6 ppm and 27.4 ppm were given for synthetic 1 although two carbons neighboring an epoxide at 25.2 ppm were given for Cav áe's compound. These results do not show diŠerence in stereochemistry but in chemical structure. The results were similarly diŠerent from natural epoxyrollin B.
We have reported an enantioselective total synthesis of (5S, 13?S, 14?R, 17?S, 18?R )-diepomuricanin A (6), 5) which had been isolated from Annona muricata, 6) containg a bis-epoxide. This synthetic (5S, 13?S, 14?R, 17?S, 18?R )-diepomuricanin A (6) was identical in 1 H-and 13 C-NMR, IR, and mass spectra with the natural product without needing a determination of the stereochemistry. We considered that the spectral data for (5S, 13?S, 14?R, 17?S, 18?R )-diepomuricanin A (6) was more similar to spectral data of isolated epoxyrollin A than for synthetic (5S, 18?S, 19?R )-and (5S, 18?R, 19?S )-1. The 13 C-NMR spectral pattern assumed a diepoxy-type acetogenin from a reference 6) and from our synthetic (5S, 13?S, 14?R, 17?S, 18?R )-diepoxymuricanin A (6). Synthetic (5S, 13?S, 14?R, 17?S, 18?R )-diepoxymuricanin A (6) gave 56.8 ppm and 57.3 ppm as oxygen-bearing carbons of the epoxide, and 25.2 ppm, 26.6 ppm, and 27.8 ppm as neighboring oxygen-bearing carbons. This led us to believe that natural epoxyrollins A and B contained a bis-epoxide. (Fig. 2) We therefore considered that Cav áe et al. had made a mistake in the proton number of the epoxy ring. We therefore assume that natural epoxyrollin A had two epoxides, g-lactone, and C-37 carbon chain (this is a reasonable number for biosynthesis) with a molecular formula of C37H66O4 (M ＋ 574) and also natural epoxyrollin B had two epoxide, a g-lactone, and C-35 carbon chain with a molecular formula of C35H62O4 (M ＋ 546) in the same manner.
Mass
The remaining task was to determine the epoxy positions on the long carbon chain. Dieporollin (3), dieporeticanin 1 (4), and dieporeticanin 2 (5) 6) have been isolated as bis-epoxy-type acetogenins with C 37 H 66 O 4 (M ＋ 574). These compounds were compared in detail with the data for isolated epoxyrollins A and B. As shown Fig. 3 C-NMR, IR and MS) for these compounds were comparable with those reported for natural epoxyrollins A and B. We conclud that chemical connectivity of natural epoxyrollins A and B are diepoxyreticanin 1 (4) and diepomuricanin A (6) .
In summary, we have revised the chemical connectivity of natural epoxyrollins A and B and determined them to be dieporeticanin-1 (4) and diepomuricanin A (6 
